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METHOD AND APPARATUS TO GALVANIZE A
FERROUS SUBSTRATE

BACKGROUND OF THE INVENTION

1. Field of the Invention

‘The present invention relates o an improved galva-
nizing method and apparatus incorporating the use of a
fluidized bed of zinc powder for galvanizing of elon-
gated metal substrates. More particularly, such metal
substrates are galvanizing by first electro-statically de-
positing zinc powder on the metal substrate followed by
liquefying, reflowing and cooling the zinc coating
within an imnert atmosphere to obtain a coating thickness
that 1s uniform and selectable over a wide range.

2. Description of the Prior Art

It has been known in the metal industry to apply a
ZInC coating on a base steel product by immersion into
a bath of molten zinc, the purpose being to increase the
lite of the product by covering the base material with a
protected coating metal. Under present day practices,
the coating of zinc by 1tself or in combination with
another metal may be applied by either a hot dip
method or by an electroplating method.

In the hot galvanizing process, the stock to be galva-
nized 1s first annealed and then cleaned in a pickling
bath of hydrochloric acid. After rinsing in hot water,
the stock 1s immediately passed through a bath of flux,
such as zinc chioride, or sal ammoniac, the purpose of
which 1s to prevent rusting of the stock when it 1s dried,
and to aid the reaction between zinc and iron. The stock
1s now ready for the application of molten zinc, or
“speiter,” as it 1s called. This is contained in 2 spelter
pan of such size as is required for the galvanizing opera-

tion undertaken. The pan is support on a brick setting
and directly fired from below. The stock 1s dipped in

the molten zinc for sufficient time to permit the zinc to
alloy with the surface of the iron so that a coating of
zinc will remain on the stock when it is withdrawn from
the spelter pan. The excess zinc 1s allowed to drip from
the galvanized stock, or is mechanically wiped from it.
Air knives may be used to control the thickness of zinc
before solidifying it. The galvanizing operation is now
complete except for cooling the stock and cutting it into
sheets, wrapping it on reels, or otherwise preparing it
for commerce.

Electro-galvanizing i1s carried out in a plating vat,
usually made of wood. In one portion of this vat are bus
wires, to which the positive of the plating circuit is
connected. The vat s filled with an electrolyte of some
zinc salt. Zinc sulfate is frequently used. The stock to be
plated 1s suspended in the electrolyte by metallic sup-
port which are connect to the negative of the plating
circuit. Current 1s supplied from a special plating gener-
ator, and the circuit 1s completed through the electro-
lyte, decomposing it and plating the zinc on the cath-
odes, which are the pieces being galvanized. Prepara-
tions prior to electro-galvanizing are similar to those in
hot galvanizing.

In the hot dip galvanizing process, while less costly,
a substantial lead time is necessary so as to make avail-
able the necessary tonnage of liquid zinc to form the
bath in which the strip or plate is emersed. For example,
1t requires several hours to melt zinc bars to provide the
appropriate zinc bath. The coating thickness of the zinc
i$ not accurately controllable although the use of air
knives has achieved good results with coatings thick-
ness above (G20. Air knives, however, are generally
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ineffective with coating thicknesses between G20 and
(G 10 and electro-galvanizing methods are too costly.

Accordingly, it is an object of the present invention
to provide a method and apparatus to galvanize a fer-
rous substrate using a coating material comprised of
finely divided powder adhered to the substrate by an
electrostatic charge before galvanizing passage to a
reflow station.

It 15 a further object of the present invention to pro-
vide a galvanizing process and apparatus in which a
potential of an electrostatic charge selected according
to a desired coating thickness determined by a thickness
of adhered powder galvanizing material to a substrate.

It 15 yet a further object of the present invention to
provide a method and apparatus for galvanizing a fer-
rous substrate 1n which the thickness of the galvanized

material can be selected to provide coating thickness of
between (G20 and G10.

SUMMARY OF THE INVENTION

According to the present invention there 1s provided
a method of coating a ferrous substrate with zinc or
other galvanizing material by the steps of introducing
the substrate to a coating chamber having an inert atmo-
sphere therein, electrostatically depositing a layer of
zinc powder on the substrate, liquefying the zinc pow-
der on the substrate, reflowing the hquid zinc on the
substrate to create a zinc 1iron alloy interface, and cool-
ing the substrate and the reflowed zinc coating thereon
below the liquidous temperature of the zinc in an inert
atmosphere.

According to the present invention there is also pro-
vided a method of coating a ferrous substrate with zinc,
the method including the steps of introducing the sub-
strate to a coating chamber having an inert atmosphere
therein, imparting an static electric charge potential
between the substrate and a volume of zinc powder,
statically supporting a film of powdered zinc on the
substrate in the coating chamber by immersing the
charged substrate in a volume of zinc powder, heating
the zinc powder coating on the substrate to a liquid
temperature of the zinc, allowing the lLiquid zinc to
retlow creating a zinc iron alloy interface, and cooling
the substrate with the reflowed zinc coating thereon.

The present invention also provides an apparatus for
coating a ferrous substrate with zinc, the apparatus
includes a vertically extending coating chamber sepa-
rated by a restricted passageway to a cooling chamber,
the coating chamber includes a fluidized bed of galva-
nizing powder, means for maintaining an inert atmo-
sphere in each of the coating and cooling chambers,
means for directing an elongated substrate into a fluid-
1zed bed of galvanizing powder within the coating
chamber, means for establishing electrostatic potential
between the strip and fluidized bed sufficient to form an
electrostatic deposition of galvanizing powder on the
substrate, means for heating the galvanizing powder on
the substrate to a temperature sufficient to liquify the
zinc for a period of time to allow reflowing with an
attending zinc iron alloy interface, and means for cool-
Ing the reflowed zinc coating on the strip below the
liquidous temperature of zinc in the cooling chamber,
and means tor directing the strip from the cooling
chamber.
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BRIEF DESCRIPTION OF THE DRAWINGS

These features and advantages of the present inven-
tion as well as others will be more fully understood
when the following description is read in light of the
accompanying drawing wherein there is schematically
illustrated an elevational view of a preferred embodi-
ment of galvanizing apparatus also useful to carry out
the method of galvanizing.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

As can be seen in the drawing there is illustrated a
carbon steel strip which is fed to the coating apparatus
10. A continuous supply of strip is derived by coil entry
handling equipment wherein coils of strip are unwound

by two or more payoff reels. When the trailing end of

one coil passes from the reel it is joined with the leading

end of another strip from a different one of the payoff

reels to form the continuous supply of strip. Betore
galvanizing the strip, it 1s treated in a processing line

that includes an annealing furnace to offset the atfects of

cold rolling from where the strip is cleaned and pickled
before passing to a strip heating furnace where tempera-
ture of the strip is raised to about 700° F. while main-
tained in an inert atmosphere to prevent oxidation of the
ferrous strip material. These strip processing operations
per se well known 1n the art, are carried out to present
the strip with a thoroughly cleaned, essentially oxide
free, dry and preheated surface for the galvanized coat-
ing. The galvanizing apparatus includes a housing 12
which takes the form of a vertically extending mid-por-
tion 13 having at its upper end a horizontal strip dis-
charging upper portion 14 and, at its lower end an in-
cline strip entry portion 15. A strip bending roller 16
traverses the entrance for the strip at the entry portion
15. The roller 16 directs the strip in a downward angu-
lar direction through a fall space 17 wherein there is
located spaced apart plates 17A at opposite sides of the
strip. The plates are part of a static electric charge cir-
cuit that includes a controller 17B to impart an adjust-

able preselected static electric charge of the order of

15,000 to 25,000 volts to the surface of the strip immed:-
ately before submersion in a bed 18 of fluidized zinc
powder. The fluid medium for the fluidized bed 1s an
inert gas, preferably nitrogen, to not only maintain the a
non-oxidizing atmosphere for the heated strip entering
the fluidized bed but also suppress combustion in the
housing 10. The strip i1s by roller 19 in the bed of fluid-
1zed material and directed upwardly above the bed to
insure the surface of the strip intimately contacts the
zinc powder of the fluidized bed, such contact is essen-
tial to the retention of zinc powder on the surface of the
strip in the presence of a support force due to the elec-
trostatic charge imparted thereto on the strip. The bed
of zinc material is maintained at the same positive elec-
tro-static potential as the spaced apart charging plates
18. The zinc powder which has a melting point of about
785° F. The zinc was at least about 99% purity with
unavoidable impurities obtained typically by conven-
tional powder metallurgical processes using a zinc slab
as a starting material. The grain size of the powder is
preferably between 5 to 15 microns. It 1s within the
scope of the present invention to utilize other powdered
galvanizing matenals for example, zinc aluminum alloy,
according to compositions known in the art to carryout
Galfan Galvanizing.
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As the strip with the coating of powder galvanizing
material adhered hereto by static electric charge
emerges from the fluidized bed, the strip 1s directed in a
vertical path by a top deflected roller 20 maintained at
ground electrical potential. Spaced above the bath of
powdered zinc there is located an induction coil that is
powered by electrical current to inductively heat the
strip to a temperature above the melting temperature of
the galvanizing material which when pure zinc 1s used,
the melting temperature is at least 785° F. Because the
strip is preheated before entering the galvanizing appa-
ratus, the heating-requirements for reflow is reduced
but nonetheless necessary so that the zinc powder liqui-
fies and create the necessary zinc-iron alloy interface.
The reflow process is carried out in the inert atmo-
sphere maintained in the galvanizing apparatus to avoid
contamination through possible oxidation in the metal
strip. The reflow process may be carried out using other
forms of heat sources such a radiant heating tubes. As
the strip emerges from the reflow section formed by the
induction heater 21, the strip passes through an con-
striction 22 formed by confronting protruding walls
23A and 23B that serve to isolate the galvanizing cham-
ber which 1s below these walls from a cooling chamber
above the walls, all of which are located within housing
10.

In the cooling chamber, there is located a cooling unit
formed by a perforated walls of headers 24A and 24B at
opposite sides of the strip and supplied with cooled inert
gas, such as nitrogen, from a heat exchanger 25. The
strip cooler functions to essentially reduce the tempera-
ture of the galvanized strip below at 700° F. before the
strip is brought into contact with roller 19. In this way,
the zinc coating is completely solidified to avoid degra-
tion to the appearance of the galvanized strip when the
zinc coating on the strip. The roller 19 directs the strip
horizontally from the housing 10 into the open atmo-
sphere.

An important feature in the present invention resides
in the fact that it coating thicknesses can be effectively
applied at G10 to G60 thicknesses, 1.e., 0.1 ounce per
foot squared to 0.6 ounce per foot squared. Heretofore,
it was impossible to obtain a galvanizing strip with a
coating thickness less than G20 through the use of con-
ventional air knives to control the coating thickness.
While the present invention enables thin coatings to be
successfully applied, it also enables accurate control to
the uniformity of the coating thickness along the length
and width of the strip. By controlling the magnitude of
electro-static charge on the strip the quantity of pow-
dered galvanizing material comprising the coating
thickness is controlled. The relationship is that of the
greater the electro-static potential the greater the coat-
ing thickness. This offers the distinct advantage to allow
a convenient and simple control for the coating thick-
ness. The invention also offered a significant advance-
ment over the conventional use of liquid zinc. in galva-
nizing pots by the elimination of many hours of lead
time necessary to obtain several tons of liqguid zinc. In
the present invention, strip processing speeds can be
greatly increased giving greater economy to the capital
outlay.

While the present invention has been described in
connection with the preferred embodiments of the vari-
ous figures, it is to be understood that other similar
embodiments may be used or modifications and addi-
tions may be made to the described embodiment for
performing the same function of the present invention
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without dewviating therefrom. Therefore, the present
mvention should not be limited to any single embodi-
ment, but rather construed in breadth and scope in ac-
cordance with the recitation of the appended claims.

I claim:

1. The method of coating a ferrous substrate with
zinc, sald method including the steps of:

introducing said substrate to a coating chamber hav-

ing an inert atmosphere therein; 10
electro-statically depositing a layer of zinc powder on
said substrate;

hquetying the zinc powder on the substrate;

retlowing the liquid zinc on the substrate to create a

zinc iron alloy intertace; and

cooling the substrate and the reflowed zinc coating

thereon below the liquidous temperature of the
Zinc in an mert atmosphere.

2. The method of claim 1 wherein said electro-stati- 20
cally depositing includes passing said substrate in a
fluidized bed of zinc powder.

3. The method of claim 1 wherein the zinc powder of
the fluidized bed 1s suspended 1n a fluid medium includ-
ing nitrogern.

4. The method of claim 1 wherein the zinc powder 1s
within the range of 5 to 15 microns.

5. The method of claim 1 wherein the zinc powder
essentially consists of zinc and unavoidable impurities. 30

15

25

35

40

45

35

6

6. The method of claim 1 wherein the zinc powder
consists of zinc and aluminum.

7. The method of claim 1 wherein the reflowed zinc
coating has a thickness of between 0.1 ounce per square
foot and 0.6 ounce per square foot of substrate.

8. The method of claim 1 wherein said substrate 1s
introduced to said coating chamber at a temperature of
at least about 700° F.

9. The method of claim 1 wherein said electrostatic
deposition includes establishing an electro potential
between said substrate and said zinc of between at ieast
15,000 and 25,000 volts.

10. The method of claim 1 wherein the inert atmo-
sphere in said coating chamber is nitrogen.

11. A method of coating a ferrous substrate with zinc,
said method including the steps of:

introducing said substrate to a coating chamber hav-

ing an mnert atmosphere therein;

imparting an static electric charge potential between

said substrate and a volume of zinc powder;
statically supporting a film of powdered zinc on the

substrate in the coating chamber by immersing the

charged substrate in a volume of zinc powder;

heating the zinc powder coating on the substrate to a

liquid temperature of the zinc;

allowing the hquid zinc to reflow creating a zinc iron

alloy interface; and

cooling the substrate 1n an inert atmosphere with the

reflowed zinc coating thereon.
* X * ¢ H
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